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Introduction {#sec005}
============

Statins, or 3-hydroxy-3-methylglutaryl coenzyme A (HMG CoA) reductase inhibitors, are among the most widely used drugs prescribed in the Western world \[[@pone.0166857.ref001]\]. Although serious adverse events (such as rhabdomyolysis) are relatively rare, statin use is associated with minor adverse events such as mild muscle pain and muscle weakness \[[@pone.0166857.ref002]\]. Depending on the definition of myopathy, the incidence of statin-related muscle symptoms is reported to range from 10--23% \[[@pone.0166857.ref002], [@pone.0166857.ref003]\]

Muscle symptoms are the main reason for discontinuation of statins and may exert more impact on a patient's life than generally recognized \[[@pone.0166857.ref002], [@pone.0166857.ref004]--[@pone.0166857.ref007]\]. However, in randomized controlled trials (RCTs) mild muscle symptoms seemed to occur as frequently in patients on statins as on placebo \[[@pone.0166857.ref008],[@pone.0166857.ref009]\].

Advancing age has been associated with increased risk of statin-induced muscle disorders. Also, the clinical effects of statin-associated muscle effects (e.g. functional impairment, risk of falls and/or disability) are likely to be greatest in older persons \[[@pone.0166857.ref010]--[@pone.0166857.ref011]\]. Most guidelines advice to start statin therapy for secondary cardiovascular prevention in older persons \[[@pone.0166857.ref012]--[@pone.0166857.ref014]\]. However, since most studies excluded patients aged ≥ 75 years \[[@pone.0166857.ref011]\] the risk-to-benefit ratio with advancing age becomes less clear \[[@pone.0166857.ref015]\].

Therefore, this study investigates the cross-sectional relationship between statin use and self-reported hindering muscle complaints in older persons in the general population.

Methods {#sec006}
=======

Study design and participants {#sec007}
-----------------------------

The present research was performed within the Integrated Systematic Care for Older Persons (ISCOPE) study in the Netherlands (Netherlands trial register, NTR1946)). The ISCOPE study is a pragmatic, cluster RCT comparing a proactive approach by the general practitioner (GP) with usual care provided by the GP, by monitoring the health status of older adults with complex problems. All registered adults aged ≥ 75 years from 59 participating practices (n = 12,066) were targeted. GPs excluded 590 persons who were deceased, too ill (i.e. terminally ill, acutely ill or patients with severe dementia), non-Dutch speaking, admitted to a nursing home, or otherwise judged unsuitable to participate.

The remaining 11,476 individuals received a written screening questionnaire, of which 7285 (63.5%) were completed and returned \[[@pone.0166857.ref016]\]. Due to organizational constraints, data on the medical history and statin use at baseline and after 9 months was obtained from electronic patient records (EPR) of a subgroup of the participating GPs. This resulted in data extraction for 4361 (59.9%) persons from the total 7285 participants; an additional 6 participants were excluded due to missing data, leaving 4355 participants eligible for the analyses. This subgroup is a representative sample of the total study population.

Variables {#sec008}
---------

### Self-reported complaints causing hindrance in daily life {#sec009}

In the screening questionnaire at baseline we asked participants: '*At the moment*, *which health complaints limit you the most in your day-to-day life*?' \[[@pone.0166857.ref017]\]. The answers were given in free text. We obtained our outcome variable '**muscle complaints'** by extracting all responses containing muscle complaints. For example, answers like '*My muscles are sore while walking*' or '*Stiff muscles*. . .' were coded as *'***muscle complaints'**.

We used the outcome variable called *'***musculoskeletal complaints'** for an additional analysis to check whether a broader definition of muscle complaints yielded different results. In addition to muscle complaints, this outcome also included complaints of pain in the neck, back, lower back, shoulder, upper extremities, lower extremities and/or joints. Examples of '**musculoskeletal complaints**' reported by participants were '*My shoulder is painful*' or '*My arms hurt'*. No specific questions about muscle complaints were asked.

### Statin use {#sec010}

Patients using a statin at baseline were considered to be statin users. Those who weren't were considered to be non-statin users. Information on statin use after 9 months follow-up was also available.

Statistical analyses {#sec011}
--------------------

We tested for differences between groups in categorical variables with Pearson's chi-square test and Mann-Whitney-U test. Logistic regression techniques were used to test the association between statin use at baseline and self-reported hindering muscle complaints. We adjusted for age and sex. In the additional analyses we used logistic regression techniques to test the association between statin use at baseline and self-reported hindering musculoskeletal complaints. Rheumatoid arthritis, polymyalgia rheumatica or osteoarthritis are associated with muscle complaints, therefore, we excluded patients with these conditions for the outcomes 'muscle complaints' and 'musculoskeletal complaints' in a sensitivity analysis

The benefits of statin therapy as secondary prevention of cardiovascular disease (CVD) might be more pronounced than in primary prevention \[[@pone.0166857.ref018]\]. Therefore, we hypothesized that physicians might be less likely to continue statin therapy in the presence of hindering complaints in older patients without a history of CVD. This led us to perform a stratified analysis in participants with and without a history of CVD.

To investigate the relationship between self-reported hindering muscle complaints and discontinuation of statin therapy, we compared those who continued statin use for ≥ 9 months after baseline line and those who did use a statin at baseline but stopped within 9 months of baseline. We used Pearson's chi-square test and logistic regression techniques controlling for age and sex.

The SPSS version 21.0 (SPSS Inc., Chicago, Ill., USA) was used to perform the statistical analyses.

Ethical approval {#sec012}
----------------

The medical ethical committee of Leiden University Medical Center approved the Integrated Systematic Care for Older Persons (ISCOPE) study in 2009 including additional studies that could be performed with the collected data. Written informed consent was obtained from all participants.

Results {#sec013}
=======

Basic characteristics {#sec014}
---------------------

The median age of all participants was 80.3 (IQR 77.6--84.4) years, 60.8% were female and 28.5% had a history of CVD (s). At baseline, 1261 participants (29%) used a statin ([Table 1](#pone.0166857.t001){ref-type="table"}). The most frequently used statin was simvastatin (53%), follow by atorvastatin (24%) and pravastatin (15%).

10.1371/journal.pone.0166857.t001

###### Baseline Characteristics of The Study Population.

![](pone.0166857.t001){#pone.0166857.t001g}

                                          All (n = 4355)      Statin use                              
  --------------------------------------- ------------------- ------------------- ------------------- -----------------------------------------------
  Female (%)                              2648 (60.8)         1974 (63.8)         674 (53.4)          \< .001[^a^](#t001fn002){ref-type="table-fn"}
  Age (median, IQR) years                 80.3 (77.6--84.4)   80.6 (77.7--85.0)   79.8 (77.2--83.1)   \< .001[^b^](#t001fn003){ref-type="table-fn"}
  History of cardiovascular disease (%)   1243 (28.5)         556 (18.0)          687 (55.3)          \< .001[^a^](#t001fn002){ref-type="table-fn"}

IQR = interquartile range

^a^p-value is calculated using Pearson's chi-square test

^b^p-value is calculated using Mann-Whitney U test

Non-statin users were slightly older than statin users (median age 80.6 vs 79.8 years; P \< .001). Males were more likely to use statins than females (P \< .001). A history of CVD was associated with statin use (P \< .001) (see [Table 1](#pone.0166857.t001){ref-type="table"}).

### Hindering muscle complaints {#sec015}

Hindering muscle complaints were reported by 2.7% of the participants. There was no difference in the prevalence of hindering muscle complaints between statin users and non-statin users (3.3% vs 2.5%, P = 0.18) (see [Fig 1](#pone.0166857.g001){ref-type="fig"}). After adjustment for age and sex there was no difference in the prevalence of muscle complaints between the two groups (OR~statin\ use~ = 1.39, 95% CI 0.94--2.05; P = 0.98). Similar results emerged when participants with a history of rheumatoid arthritis, polymyalgia rheumatic and osteoarthrosis (n = 1115) were excluded (OR~statin\ use~ = 1.28, 95% CI 0.80--2.07; P = 0.30). An additional analysis for musculoskeletal complaints yielded similar results ([Fig 1](#pone.0166857.g001){ref-type="fig"}).

![Prevalence of self-reported complaints according to statin use and non-statin use.](pone.0166857.g001){#pone.0166857.g001}

History of cardiovascular disease {#sec016}
---------------------------------

There was no difference in self-reported complaints between participants using statins and participants not using statins, stratified by history of CVD. In both strata the prevalence of self-reported muscle complaints was independent of statin use (OR~statin\ use~ = 1.20, 95% CI 0.68--2.10; P = 0.53 for no history of CVD, and OR~statin\ use~ = 1.31, 95% CI 0.68--2.53; P = 0.42 for history of CVD). Absolute differences in prevalence between statin users and non-statin users were 0.4% (2.8% in statin-users and 2.4% in non-statin users) in participants without a history of CVD, and 0.7% (3.6% in statin users and 2.9% in non-statin users) in those with a history of CVD.

Discontinuation of statin use {#sec017}
-----------------------------

Of the 1261 participants using a statin at baseline, 118 (9.4%) discontinued statin use within 9 months. There was no difference in the prevalence of muscle complaints among those who discontinued statins compared to continuous users (5.1% and 3.1%, respectively; P = 0.18). After adjustment for age and sex, the prevalence of self-reported muscle complaints showed no significant difference between participants who continued or stopped using a statin (OR = 1.70, 95% CI 0.70--4.13; P = 0.24). Additional analysis for musculoskeletal complaints yielded similar results (data not shown).

Discussion {#sec018}
==========

This observational study investigated whether statin use in old age is associated with self-reported hindering muscular complaints in daily life. We found no significant difference between the prevalence of self-reported hindering muscle complaints in statin users compared to non-statin users. Also, we found that discontinuation of statin use within 9 months after baseline was independent of self-reported hindering muscle complaints; moreover, there was no evidence that hindering muscular complaints were a reason for discontinuing statin therapy.

Muscle complaints {#sec019}
-----------------

Our results are in line with most RCTs on statins, showing that statin use is not related to an increased risk of musculoskeletal symptoms \[[@pone.0166857.ref008]\]. In contrast, observational studies have reported a relationship between statin use and muscular symptoms interfering with daily activities. \[[@pone.0166857.ref002],[@pone.0166857.ref019],[@pone.0166857.ref020]\]^.^ Explanations for the different findings in RCTs versus observational studies include various sources of selection bias (e.g. sampling bias) \[[@pone.0166857.ref008]\].

One explanation for the negative results of the present study could be that persons with hindering complaints might have discontinued statin therapy before the data were extracted from the EPR at baseline. It is known that the time of onset of muscular side-effects is relatively short (usually within months after initiation of treatment or titration to a high dosage) and that statin-associated muscle symptoms are the main reason for discontinuation of statin treatment \[[@pone.0166857.ref002],[@pone.0166857.ref004],[@pone.0166857.ref006],[@pone.0166857.ref007],[@pone.0166857.ref021]\]. This might have resulted in underestimation of the association between statin use and muscle complaints in the present study. This type of bias (under ascertainment of events/side-effects that occur early in therapy) is a well-known weakness of observational studies and often occurs when including prevalent users \[[@pone.0166857.ref022]\]. By comparing the self-reported complaints in participants who discontinued statin treatment within 9 months after baseline with participants who continued treatment, we aimed to account for this bias. Because no difference was found between the groups, this makes underestimation of the true effect less likely to be substantial.

Another explanation for our findings is that statins are not (or not as strongly) related with muscle symptoms as generally thought. The debate on statin-related muscle symptoms originates from the withdrawal of cerivastatin from the market because of safety concerns and its association with rhabdomyolysis \[[@pone.0166857.ref023]\]. The debate continues regarding the frequency and severity of statin-related side-effects \[[@pone.0166857.ref024],[@pone.0166857.ref025]\].

The media has paid considerable attention to statin-related muscle symptoms, which may have led to a phenomenon referred to as the 'nocebo effect'. This implies that when patients have negative expectations about a drug they can experience unpleasant effects that they attribute to the drug \[[@pone.0166857.ref026],[@pone.0166857.ref027]\]. From this viewpoint, some of the reported muscle symptoms of patients might be explained by the expected association between statins and the occurrence of muscle symptoms. Also, physicians might be inclined to, erroneously, attribute muscle symptoms to statin use \[[@pone.0166857.ref008]\]; in fact, our results show that hindering muscle complaints are relatively common among older persons, irrespective of the use of statins.

Finally, our study focused on self-reported *hindering* complaints. Therefore, statin users could have experienced more muscle symptoms than actually reported during this study, but did not perceive them as being hindering in their daily life. In this case, statin-related muscle complaints might not exert such a large impact on the daily life of older persons, as also reported by others \[[@pone.0166857.ref002],[@pone.0166857.ref028]\].

History of cardiovascular disease {#sec020}
---------------------------------

Our hypothesis that physicians might be less likely to continue statin therapy in the presence of hindering complaints in older patients without a history of CVD compared to patients with a history of CVD could not be confirmed. After stratification for a history of CVD the absence of an association between statin use and the prevalence of muscle complaints was shown to be independent of a history of CVD. This could be due to the absence of a true effect, or to the decrease in group size and, therefore, loss of statistical power.

Strengths and limitations {#sec021}
-------------------------

This study has several strengths. First, the participants were community-dwelling older persons providing a representative sample of older statin users in daily practice.

Second, the mean age of our study population was relatively high. Although studies in this age group are relatively scarce, older persons frequently use statins and advancing age is associated with a higher risk of statin-induced muscle disorders \[[@pone.0166857.ref029]\]. Therefore, this study provides valuable information on the risks and benefits of frequently prescribed drugs, such as statins, in older persons.

As mentioned above, the most important limitation of this study is that our results might underestimate the true effect due to the prevalent-user design; this could have led to a type II error.

In The Netherlands 1.200.000 persons are 75 years and older \[[@pone.0166857.ref030]\]. In total 248.730 persons use lipid lowering drugs \[[@pone.0166857.ref031]\]. The prevalence of statin-use in our study (29%) is therefore slightly higher compared to the use in the general population (21%). Since there is more evidence of a favorable risk-to-benefit ratio in younger individuals it is likely that statins are more often prescribed to people under 75 years than people over 75 years of age. The slightly higher prevalence of statin-use in our population could be related to the exclusion of patients groups that might be less likely to use a statins because of questionable benefits (participants that are terminally ill or with severe dementia). Demographic variation and chance could also play a role.

Most of our participant (92%) on statin therapy used either simvastatin, atorvastatin of pravastatin. This distribution is likely to represent that of the general population in The Netherlands since simvastatin and atorvastatin are the preferred statins according to the widely used national guidelines \[[@pone.0166857.ref032]\]. However in other countries this might be different.

Because of our in- and exclusion criteria we cannot extrapolate our conclusions to younger age groups nor to patients who are terminally ill or patients with severe dementia.

In addition to statin-use other factors and conditions (i.e. like congenital disorders or sustained trauma) could cause musculoskeletal complaints. However, we assume that these conditions are not more (or less) prevalent in participants using statins compared to participants not using statins making them unlikely confounding factors. Also, when we excluded participants with a history of rheumatoid arthritis, polymyalgia rheumatic and osteoarthrosis from the analysis, again we found that statin-use was not related to muscle or musculoskeletal complaints.

Furthermore, inherent to our cross-sectional study design, no conclusions about causality can be drawn. With the current data we were unable to investigate the influence of the duration of statin use, dose-related effects, or differences between types of statins. Since statin-related muscle symptoms have been reported in patients on high-dose statin therapy \[[@pone.0166857.ref021]\] this is a worthwhile topic for further research.

Conclusion {#sec022}
==========

Based on the present findings, prevalent statin use in this community-dwelling older population is not associated with self-reported hindering muscle complaints; however, the results might be different for incident users.
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